The dynamics and kinetics of the LiH + H reaction have been studied by using an accurate quantum reactive time-dependent wave packet method on the ab initio ground electronic state potential energy surfaces (PES) developed earlier. Reaction probabilities for the two possible reaction channels, the LiH + H→ H 2 + Li depletion process and the LiH + H→H + LiH hydrogen exchange reaction, have been calculated from 1 meV up to 1.0 eV collision energies for total angular momenta J from 0 to 80. State-to-state and total integral cross sections for the LiH-depletion and H-exchange channels of the reaction have been calculated over this collision energy range. It is found that the LiH-depletion channel is dominant in the whole range of collision energies for both PESs. Accurate total rate coefficients have been calculated on both surfaces from 100 K to 2000 K and are significantly larger than previous empirical estimates and previous J-shifting results. In addition, the present accurate calculations present noticeable differences with previous calculations using the centrifugal sudden approximation.
INTRODUCTION
The LiH + H and LiH + H + chemical reactions have been considered to be of relevance in establishing the precise details of the lithium chemistry during the evolution of the early universe in the recombination epoch (z ∼ 400-1000; Stancil et al. 1996; Galli & Palla 1998; Lepp et al. 2002) . In a detailed study of the plausible lithium chemistry in the early universe, Stancil and coworkers (Stancil et al. 1996) proposed that the LiH molecule may have contributed to the formation of the first condensed structures of the universe. Because of the potential astrophysical importance of the LiH molecule, the dynamical processes that lead to its destruction and formation have been the subject of several theoretical studies in recent years (Bulut et al. 2008; Pino et al. 2008; Wernli et al. 2009; Bovino et al. 2010 Bovino et al. , 2011 Aslan et al. 2012; Roy & Mahapatra 2012; Jiang et al. 2013a) . In this work, we focus on the theoretical study of the LiH + H → H 2 + Li (1)
reactions, hereafter denoted as the LiH-depletion (Equation (1)) and H-exchange (Equation (2)) reactions. The formation of LiH in different electronic states has been studied in several works (Chen et al. 2001; Chen & Lin 2003; Bililign et al. 2001) . Chen et al. (2001) measured the nascent rotational population distribution of the LiH molecule in its ground vibrational state in the Li * + H 2 reaction. It was concluded that the Li * + H 2 reaction is dominated by an insertion mechanism. Later, the influence of vibrational excitation on this reaction was investigated by using a pump-probe technique (Chen & Lin 2003) . Bililign et al. (2001) studied experimentally the different quenching channels, reactive and nonreactive, in the Li * (2p, 3p) + H 2 collisions and, based on ab initio calculations, concluded that the harpoon-like mechanism is not valid in this reaction.
Several electronic structure and dynamical calculations for the title reaction have been reported in recent years. Clarke et al. (1998) developed a ground-state potential energy surface (PES) for collinear configurations of Li with H 2 using the spincoupled valence bond nonorthogonal configuration interaction (CI) method. For the LiH + H reaction an early barrier of 36 meV was predicted on the PES by Clarke et al. (1998) . Later, a global ab initio PES for the HLiH system in its ground electronic state was developed by Dunne et al. (2001) , who fitted CI ab initio points to an analytical function using the many-body expansion (MBE) method. This latter PES did not show any barrier in the LiH + H entrance channel, in contrast with the previous work (Clarke et al. 1998) , and it was employed in time-dependent wave packet (TDWP) calculations (Padmanaban & Mahapatra 2002 , 2004a , 2004b Defazio et al. 2005; Padmanaban & Mahapatra 2006) . In 2009, a more accurate global ab initio PES was developed by Wernli et al. (2009, hereafter WCBG-PES) based on a largescale complete active space self-consistent field-multireference configuration interaction (CASSCF-MRCI) calculation with correlation-consistent polarized valence quadruple zeta (aug-ccpVQZ) basis set. No barrier was found along the reaction path, and a reaction exothermicity of 2.23 eV was determined. The main improvement of the WCBG-PES with respect to previous PES was the more accurate description of long-range forces between the reagents and the elimination of the barrier in the entrance channel. Total reaction probabilities for total angular momentum J = 0 were calculated for the title reaction by Bovino et al. (2009 Bovino et al. ( , 2011 on the WCBG-PES using a time-independent quantum mechanical close coupling (TIQM-CC) method. The corresponding integral cross sections and rate coefficients were derived by using the J-shifting approach. It was found that over the range of relevant z the LiH-depletion reaction dominates over the LiH survival of the hydrogen exchange channel. More recently, TDWP calculations within the centrifugal sudden approximation (CSA) were carried out by Roy & Mahapatra (2012) to calculate total integral cross sections (ICSs) and rate constants for the LiH + H reaction and its isotopic variants on the WCBG-PES. As in the previous studies by Bovino et al. (2009 Bovino et al. ( , 2011 , it was predicted that the rate coefficients for the LiH-depletion channel are much larger than those for the hydrogen exchange channel. Coincidentally, Prudente et al. (2009) reported a global PES for the ground electronic state of the HLiH system (hereafter, PMM-PES). The PMM-PES was obtained by performing full configuration interaction (FCI) calculations with an aug-cc-pVQZ basis set and fitting to the same MBE employed by Dunne et al. (2001) . The PMM-PES represented an improvement over the PES developed by Dunne et al. (2001) by removing spurious wells and barriers, and it does not show a barrier along the minimum energy path (MEP). Quantum wave packet calculations were also performed by the same group at J = 0 for the depletion and hydrogen exchange reactive processes. In addition, quasi-classical trajectory (QCT) calculations have been performed on the PMM-PES by Liu et al. (2011) to calculate reaction cross sections and polarizationdependent differential cross sections. In a more recent QCT study (Jiang et al. 2013b) , it was found that the collision energy and the vibrational excitation of reagents play an important role in the H + LiH reaction dynamics. Following this work, QCT calculations on the stereodynamics of the LiH-depletion channel have been reported by Jiang et al. (2013a) .
All of the previously cited quantum mechanical (QM) calculations carried out for this reaction have used approximations to treat total angular momentum larger than zero (J > 0), such as the standard J-shifting approximation (Bowman 1985) and the centrifugal sudden approximation (Pack 1974; McGuire & Kouri 1974) . Because these methods are known to produce inaccurate cross sections for many reactions, one of the main goals of the present work is to perform accurate QM calculations using a time-dependent wave-packet coupled-channel method (TDWP-CC) to calculate reliable ICSs and reaction rate constants suitable for astrophysical modeling of the early universe. Furthermore, because of the availability of the two most recent WCBG-PES ) and PMM-PES (Prudente et al. 2009 ) PESs, we wish to compare and analyze the dynamics and kinetics results of the title reaction obtained on both PESs. The paper is organized as follows. In Section 2 we concisely review the TDWP-CC method and the technical details of the present calculations. Section 3 presents the main results and discussions, and finally, Section 4 closes with some concluding remarks.
THEORY
A quantum TDWP-CC method is used to compute stateto-state magnitudes, treating accurately the Coriolis couplings. The calculations have been done with the code MAD-WAVE3, described in previous works (Gómez-Carrasco & Roncero 2006; Zanchet et al 2010) , and briefly described here. Two sets of independent calculations have been performed corresponding to the LiH-depletion, LiH + H→H 2 + Li, and the H-exchange, LiH + H→ LiH + H, reactions. The initial wave packet for a specific initial state of the reactants, determined by the quantum numbers α ≡ J, M, , v, j , and Ω 0 , is written as a product of functions in reactant Jacobi coordinates (r, R, γ ) as
where
is a symmetry-adapted combination of Wigner functions, with parity under inversion of spatial coordinates , for total angular momentum J, and the projections M and Ω 0 of J on the corresponding z-axis of the space-fixed and reactant body-fixed reference frames, respectively. χ vj (r) are the ro-vibrational eigenfunctions of the LiH(v, j ) reactants calculated numerically, and Y j Ω (γ ) are normalized associated Legendre polynomials. g J, ,v,j,Ω 0 Ω (R) is a real superposition of incoming and outgoing Gaussian functions, centered at a long distance R 0 and characterized by a mean kinetic energy E c . For both reactions the initial wave packet is transformed from reactants to product Jacobi coordinates (r , R , γ ). These coordinates are defined as: r , the internuclear distance of the AB≡H 2 or LiH products; R , the distance between the AB center of mass and the C atom; γ , the angle between the two Jacobi vectors; and the Euler angles (φ , θ , χ ) defining a body-fixed frame in which the three atoms are in the x -z plane with the z -axis pointing along the R vector. Thus initial wave packet product Jacobi coordinates can be expressed as
The radial variables r and R are described in finite grids of equidistant points, whereas γ is represented by Gauss-Legendre quadrature points. Ω is the helicity quantum number or the projection of J on the product's body-fixed zaxis, and the single value in reactants frame, Ω 0 , corresponds to a superposition of Ω values due to the coordinate transformation. The grids used for the internal product coordinates (r , R , γ ) are listed in Table 1 , and they have been determined after a careful convergence test of the reaction probabilities for J = 0. The time propagation has been done using a modified Chebyshev integrator (Huang et al. 1994; Mandelshtam & Taylor 1995; Huang et al. 1996; Kroes & Neuhauser 1996; Chen & Guo 1996; Gray & Balint-Kurti 1998; Gonzalez-Lezana et al. 2005 ) with about 10 5 Chebyshev iterations for J = 0, in order to get convergence for collision energies below 1 meV. The number of iterations reduces as J increases because the centrifugal barrier also increases, shifting the nonzero reaction probabilities to higher collision energies. The long propagation needed for such low collision energies requires the careful determination of the parameters of the absorbing potential used to absorb the wave packet at the edge of the radial grids to avoid reflection at the end of the grid. In order to check convergence of reaction probabilities at low energies, TIQM-CC calculations for J = 0 have been performed using the ABC code (Skouteris et al. 2000) in the same collision energy range, using the parameters listed in Table 1 . The exact calculation of reaction probabilities for J > 0 would demand including all possible helicity Ω projections. Because the inclusion of all Ω projections for high J values would be very time consuming and not strictly necessary to get converged results, the helicity basis used has been truncated, such that Ω Ω min(J, Ω max ), with Ω max = 25 for the present calculations. For J = 50, with an energy threshold of 0.5 eV, when including Ω max = 30 the total reaction probability remains the same for E c < 0.7 eV, presenting a small difference of only 3% for E c = 0.8 eV. For lower J values the differences are even smaller, whereas for higher J the energy threshold is so high and the reaction probability so low that the variation introduced in the cross section is not noticeable. The TDWP-CC calculations of the state-to-state properties were carried out for both the LiH-depletion and H-exchange channels separately on the WCBG-PES ) and PMM-PES (Prudente et al. 2009 ) in the collision energy range 0.001-1.0 eV. Two initial rotational states, j = 0 and 1, of the LiH reagent have been considered. The calculation of the state-to-state ICSs as a function of collision energy, σ v,j →v ,j (E c ), requires summing over all of the partial wave contributions of the total angular momentum J to the reaction probabilities as
where k 2 = 2μ r E c /h 2 and E c is the collision or translational energy. The state-to-state cumulative reaction probabilities are defined as
P J vj →v j (E c ) are the state-to-state reaction probabilities from the initial ro-vibrational state v, j of reagents to the final v , j state of H 2 (depletion) or HLi (exchange) products, at a total angular momentum J, which can be written in terms of the S matrix elements as
To reduce the computational effort, the present TDWP-CC calculations are performed only for selected J i total angular momenta values, from J = 0 to J = 80 in steps of 5. The reaction probabilities for intermediate J i < J < J i+1 values are obtained using a linear interpolation (Defazio & Petrongolo 2009; Gomez-Carrasco et al. 2004; Gonzalez-Lezana et al. 2005) with the reaction probabilities obtained by extrapolation of the P J i and P J i+1 via a J-shifting technique (Bowman 1985) .
where the constant B is fitted in each (J i , J i+1 ) interval.
The state-to-state rate constants are calculated by averaging the corresponding ICS, σ vj →v ,j (E c ), over translational energy as
where k B is the Boltzmann constant and
RESULTS AND DISCUSSION
The WCBG-PES and the PMM-PES are based on highlevel ab initio points as detailed in Wernli et al. (2009) and Prudente et al. (2009) . Briefly, the two groups used the augmented correlation-consistent polarization valence quadruple zeta (aug-cc-pVQZ) basis set for H and Li atoms. However, the PMM-PES ab initio points are evaluated with the FCI method, whereas for the WCBG-PES the multireference configuration interaction (MRCI) method was used considering the configuration and orbitals previously determined in state-averaged complete active space self-consistent field (SA-CASSCF) calculations, including six electronic states (5A and 1A ). The set of points so calculated were then fitted to different analytical functional forms to produce the global PESs. In order to check to some extent the accuracy of the fitting procedures of the two PESs, we have performed ab initio calculations using the same ab initio methods and basis sets along some fitted MEPs at relaxed and fixed θ (Li − H − H) angles for the LiH-depletion reaction and θ (H − Li − H) angles for the H-exchange reaction. These new ab initio points have been calculated with the MOLPRO package.
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The global MEP for the LiH-depletion channel (top left panel of Figure 1(a) ), which is calculated by relaxing the θ (Li − H − H) angle for each configuration, is very similar for the two PESs; it does not exhibit a barrier, and they both agree very well with the corresponding underlying present ab initio points. However, for the collinear arrangement (θ Li-H-H = 180 • ), there are slight differences between the two PESs that may have some influence on the reaction dynamics at low collision energies. As can be seen in the bottom left panel, the fitted PMM-PES presents a small barrier of ≈0.05 eV, which is not present in the WCBG-PES. The computed ab initio points calculated along the MEP of the PMM-PES do not reproduce that barrier, indicating that it is an inaccuracy of the fitting procedure. Note that Prudente et al. (2009) indicated that the root-mean-square deviation of the fitting for the PMM-PES is 0.064 eV, whereas Wernli et al. (2009) obtained a 0.0022 eV standard deviation over the whole range of ab initio data. It is interesting to point out that similar plots of the MEPs have been shown in the original works that describe the PMM-PES (Prudente et al. 2009 ) and WCBG-PES ), and while the latter WCBG-PES shows no barriers for any θ Li-H-H angle, the former PMM-PES exhibits small barriers for θ Li-H-H = 180
• , 135
• and 45
• . Regarding the H-exchange channel, the differences between ab initio points and fitted PES are more remarkable, as can be seen in the right panels of In summary, because the two PESs are based on ab initio calculations of comparable quality, the main differences between them can be attributed to the fitting procedures. The analytical form used by Prudente et al. (2009) includes some damping functions that are known to yield spurious structures. In contrast, Wernli et al. (2009) used the three-body terms proposed by Aguado & Paniagua (1992) , which seems to provide a better fit of the ab initio points. As noted by Wernli et al. (2009) , the general shape of the WCBG-PES seems favorable to the LiHdepletion reaction over a broad range of approaching angles, and the same can be thought for the PMM-PES. This assertion can only be confirmed by performing the corresponding dynamical calculations.
The total reaction probabilities at J = 0 for the LiH-depletion and H-exchange reaction channels are shown in Figure 2 , where the results obtained using the TIQM-CC and TDWP-CC methods on the WCBG-PES ) and PMM-PES (Prudente et al. 2009 ) are compared. In both cases, the agreement between the TIQM-CC and TDWP-CC reaction probabilities is excellent, showing the high accuracy of the present TDWP-CC results even at rather low collision energies of ≈1 meV, where it is harder to get converged results using this methodology. The present results for the LiH-depletion channel are also compared with those obtained recently by Roy & Mahapatra (2012) using the TDWP-CSA method on the same WCBG-PES. A rather good agreement between both sets of TDWP results is found in the collision energy range above 0.02 eV. However, for collision energies below 0.02 eV the TDWP-CSA probabilities from Roy & Mahapatra (2012) are much smaller than our TDWP-CC and TIQM-CC probabilities, which may indicate that the Roy and Mahapatra TDWP-CSA results are not well converged at low energies due to lack of propagation time. As can be seen, the reaction probabilities obtained on the PMM-PES fall when the collision energy is below ≈0.05 eV and reaches a minimum at 0.01 eV, and then they increase again for low collision energies, in contrast to the reaction probabilities obtained on the WCBG-PES. This behavior may be linked to the reaction barriers found along the MEPs for this PES, which are of the order of 0.05 eV. For the WCBG-PES the reaction probabilities fall from ≈0.7 to ≈0.4 when the collision energy is below 0.02 eV. The drop in the reaction probabilities in this case can be explained by considering the effective potential, defined as the diagonal matrix elements of the full potential between the initial LiH ro-vibrational functions, V ef vj (R) = χ vj (r)Y j Ω |V (r, R, γ )| χ vj (r)Y j Ω integrating over r and γ . This effective potential shows a barrier of ≈1 meV of height on the WCBG-PES. It is clear that the LiH-depletion channel (Figure 2(a) ) is more probable than the H-exchange channel (Figure 2(b) ) for the two PESs considered and for the whole range of collision energies (note that the reaction probabilities for the H-exchange channel in Figure 2(b) have been multiplied by a factor of three for a better comparison). Accurate total reaction probabilities for several partial waves, J = 10, 20, 30, 40, including up to Ω max = 25, are depicted in Figure 3 for both WCBG-PES and PMM-PES. As J increases, the reaction threshold shifts to higher collision energies because of the centrifugal barrier. From the comparison with the corresponding TDWP-CSA results (Roy & Mahapatra 2012) , it can be concluded that the CSA results overestimate the reaction probabilities for high values of J. To ensure convergence on the cross sections up to 1.0 eV, total angular momenta up to J = 80 need to be included in the calculations. Only reaction probabilities for J = 0, 5, 10, . . ., 80 have been calculated, and the state-to-state reaction probabilities at intermediate values of J have been interpolated using the J-shifting interpolation described in Section 2.
ICSs as a function of collision energy for both the LiHdepletion and H-exchange channels of the title reaction have been calculated on the WCBG-PES and PMM-PES for initial v = 0, j = 0, 1 ro-vibrational states of the LiH reagent molecule, and the results are shown in Figure 4 . As expected, the LiH-depletion cross sections are larger than the H-exchange cross sections by a factor of 10 or higher as the collision energy decreases. The low rotational excitation of the LiH molecule does not have a significant effect on the reactivity for energies above 0.01 eV. For lower energies the LiH(v = 0, j = 0) molecule is slightly more effectively depleted than the LiH(v = 0, j = 1), which implies that at low energies the reaction is more favored for collinear configurations on both PES. The magnitude of the ICSs and the behavior with the collision energy is very similar on both PESs in the 0.1-1 eV range for the LiHdepletion channel. The ICSs grow as collision energy decreases, as expected for a barrierless reaction. For collision energies below 0.1 eV there is a change in the slope for the ICS on both PESs. For energies below 0.1 eV the ICS for the WCBG-PES decreases to reach a shallow minimum and then nearly levels off, whereas for the PMM-PES there are some oscillations but it increases as the collision energy diminishes. The behavior of the ICS at low collision energies of a reaction like LiH + H should be mainly dictated by the effective long-range part of the potential, which in the present case is of the dipoleinduced dipole type of the form −CR −6 , so the cross section should follow a AE law (Levine & Bernstein 1974) . We have been able to fit the excitation functions in the 0.1-0.2 eV region to such a function, and the best fits yield 16E −1/3 c for the WCBG-PES and 12E −1/3 c for the PMM-PES. These functions are plotted in Figure 4 with a blue solid line and should represent an upper limit to the ICSs at low collision energies. As for the comparison with other theoretical calculations for the LiH-depletion reaction, it can be noted that the TDWP-CSA calculations of Roy and Mahapatra (Roy & Mahapatra 2012) on the WCBG-PES overestimate the cross sections for energies above 0.1 eV and underestimate them for low energies. The QCT results (Liu et al. 2011 ) obtained on the PMM-PES are in very good agreement with the present TDWP-CC results for collision energies E c > 0.05 eV.
Product vibrationally state-resolved ICSs as a function of collision energy calculated on the WCBG-PES and PMM-PES are depicted in the panels of Figure 5 . It should be noted that the v = 0-4 vibrational states of the H 2 product are open at low collision energies whereas the v > 4 states show thresholds (see Figure 5 ). The present results indicate that the title reaction can produce H 2 in excited vibrational states even at low temperatures. The two PESs yield significant differences in the H 2 vibrational distribution, which are attributed to the different topology of the PES in the region around r LiH r HH ≈ 0. Nevertheless, in the two cases there is an important mixing among many vibrational levels and population inversion. These results indicate a complex reaction mechanism regarding vibration. Two limits can be distinguished: if the vibrational motion is kept adiabatic along the reaction, products will be formed in their ground v = 0 state. On the opposite limit, if the translational energy is conserved, products will be formed in highly excited vibrational levels, v = 4 in this case. The situation in the system under study is clearly immediate, favoring the formation of H 2 in v = 1 and 2. This provides another possibility for the formation of vibrationally excited H 2 , which is of interest in the chemistry of the interstellar medium because it allows the occurrence of endothermic reactions (Agundez et al. 2010; Godard & Cernicharo 2013) , as recently shown for the C + + H 2 system (Zanchet et al. 2013 ). The initial rotational states of LiH (v = 0) considered are just j = 0 and 1, and its contribution to the total angular momentum can be neglected, such that J can be considered proportional to the classical impact parameter. The quantity (2J +1)P J (E c ) (with P J (E c ) being the total reaction probability for LiH-depletion) is shown in the bottom panel of Figure 6 for three collision energies on the WCBG-PES. It clearly indicates that the reaction is dominated in all cases by high J values or large impact parameters. This behavior in a direct reaction is typical of a stripping mechanism, which also produces a high rotational excitation of the products. In the three upper panels of Figure 6 , the product rotationally state-resolved cumulative reaction probabilities, C vj,v j , are shown for v = 0, 1, and 2. In all cases, the maximum of the probability approximately coincides with the highest j value, near the closing of the channel at each energy. Moreover, for v = 2 this probability distribution closely follows a statistical (2j + 1) distribution, in which the final probability of products depends exclusively on the number of levels available. For lower v values, this distribution is not followed so closely, but there is almost a linear dependence on j as well. This indicates a propensity for a → j angular momentum transfer. Employing the ICSs presented in Figure 4 , initial-state selected rate coefficients have been calculated at temperatures from 100 K up to 2000 K for the LiH-depletion and H-exchange channels of the LiH(v = 0, j = 0, 1) + H reaction on the two WCBG-PES and PMM-PES and are shown in Figure 7 . The magnitude of the rate coefficients for the LiH-depletion channel are very similar for both PESs and both rotational states of the LiH molecule following approximately the same trend: it decreases as temperature decreases. The rate coefficients calculated by Roy & Mahapatra (2012) using the TDWP-CSA method on the WCBG-PES are somewhat larger than the present ones obtained with the TDWP-CC method for temperatures higher than 500 K and are smaller at lower temperatures. The TIQM J-shifting calculations by Bovino et al. (2009) yielded rate coefficients that are significantly lower than our accurate TDWP-CC results (Figure 7(a) ). As mentioned above, when the long-range potential is of the type CR −6 , the cross section should follow an AE −1/3 c law, and the rate coefficient should be expected to be k(T ) = AT 1/6 (Levine & Bernstein 1974) . Considering this model, we estimate that k(T ) = 5 × The black dashed line on both panels corresponds to an estimate using k(T ) = AT 1/6 (see the black dashed text for details). The estimated temperature-independent value of 2×10 −11 cm 3 s −1 by Stancil et al. (1996) is shown as a short dotted line.
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−10 T 1/6 cm 3 s −1 for the WCBG-PES and k(T ) = 3.8 × 10 −10 T 1/6 cm 3 s −1 for the PMM-PES, as shown as solid blue linesin Figures 7(a) and (b), respectively. The estimated value of 2 × 10 −11 cm 3 s −1 for the thermal rate coefficient for the depletion channel of the reaction used in the evolutionary models of early universe lithium chemistry (Stancil et al. 1996) is also displayed in the figure as a horizontal line. As can be seen, the present rate coefficients are much larger than this early empirical estimate on both PESs.
CONCLUSIONS
The dynamics and kinetics of the LiH(v = 0, j = 0, 1) + H reaction have been studied by means of an accurate quantum reactive TDWP-CC method on two ab initio ground electronic state PESs developed by Prudente et al. (2009; PMM-PES) and Wernli et al. (2009; WCBG-PES) . After the analysis of the two PESs, based on new calculated ab initio points using the same methodology and basis sets, we have concluded that the WCBG-PES is the most accurate one. Total reaction probabilities for state-to-state and state-to-all cross sections for the two possible reaction channels, the HLi + H→H 2 + Li depletion process and the LiH + H→LiH + H H-exchange reaction, have been calculated. It has been found that the LiH-depletion channel is dominant in the whole range of collision energies studied and that the H 2 molecule is produced in excited vibrational and rotational states. In addition, the LiH-depletion channel is expected to be a direct process that follows a stripping mechanism, taking into account the high rotational excitation of the products. Finally, rate coefficients for the two channels of the title reaction have been calculated from the ICSs. The rate coefficients for the LiH-depletion reaction computed in both PESs are significantly larger than the empirical estimates and previous calculations available in the literature. Therefore, the present results confirm that the LiH molecule is very effectively destroyed in reaction with H and its fractional abundance is drastically reduced. The present accurate calculations indicate that it is very hard to have and to observe any possible LiH survival under the early universe conditions. Also, product vibrationally state-resolved rate coefficients for the HLi-depletion channel have been calculated that suggest another possible route for the formation of internally excited H 2 molecules, of interest in the chemistry of interstellar medium (Agundez et al. 2010; Godard & Cernicharo 2013) .
